Background: Acantholytic squamous cell carcinoma (ASQCC), histologically characterized by intercellular bridge loosening, is recognized as a rare variant of squamous cell carcinoma (SQCC). ASQCC may demonstrate a worse prognosis than conventional SQCC. Pulmonary ASQCC is particularly rare; its biological behavior and prognostic data have not been reported. Case presentation: We report the clinical and autopsy findings of a 71-year-old Japanese man with pulmonary ASQCC. Pulmonary lesions, suggestive of idiopathic interstitial pneumonia, were radiologically observed 3 and 6 years prior to the patient's most recent hospitalization; however, the patient did not undergo further medical examinations. Upon being discovered unconscious, the patient was admitted to our hospital. Dehydration and lower limb muscle weakness were noted, as were laboratory findings of coagulation abnormalities and renal dysfunction. Computed tomography helped confirm a 21-mm peripheral nodule in the upper left lobe of the lung, with associated swollen lymph nodes in the bilateral hilar, mediastinal, and para-aortic regions. Brain and spinal lesions, suggestive of neurological disturbances, were not found. Small cell lung carcinoma was suspected, upon admission, but high serum levels of squamous cell carcinoma antigen and cytokeratin-19 fragments were present. Therefore, advanced lung cancer, possibly SQCC, was diagnosed. The patient was treated with best supportive therapy, and died one month after admission. Hypercalcemia and high serum levels of parathyroid hormone-related protein (PTHrP) and myeloperoxidase-antineutrophil cytoplasmic antibody (MPO-ANCA) titers were observed. Progressive renal insufficiency was absent due to improved renal function subsequent to hydration. An autopsy helped confirm the left lung tumor as an ASQCC associated with pulmonary lymphangitic carcinomatosis and multiple metastases in the lungs and lymph nodes. Skin lesions suggesting malignant tumors were absent. The metastatic lesions consisted largely of acantholytic tumor cells, and the lungs showed usual interstitial pneumonia pattern; vasculitis was absent.
Background
Squamous cell carcinoma (SQCC) is characterized by stratified growth, but infrequently shows acantholysis (a loosening of the cell-cell contact). This results in adenoid (pseudoglandular, pseudoacinar) or pseudoangiosarcomatous growth patterns. SQCCs with acantholysis are rare, but the latest World Health Organization's (WHO's) skin [1] , breast [2] , oral cavity [3] , and penis [4] blue books recognize such tumors as a histological subtype of SQCC. This is likely due to SQCC with acantholysis showing more aggressive behavior than conventional SQCC. However, whether cutaneous SQCCs forming adenoid patterns show worse prognoses than conventional SQCCs remains debatable.
The skin is the most frequent site of acantholytic tumors, with common skin pathology references [1, [5] [6] [7] [8] classifying cutaneous SQCC with acantholysis as either acantholytic SQCC (ASQCC) and pseudovascular SQCC (PSQCC). The former has synonyms of adenoid or pseudoglandular SQCC, and the latter has synonyms of pseudoangiosarcomatous or pseudoangiomatous SQCC. ASQCC was first coined by Lever in 1947 [9] , and comprises 2-4% of all cutaneous SQCCs [1] . Many common skin pathology textbooks histologically characterize ASQCC as adenoid (pseudoglandular) or pseudoacinar nests with central acantholysis and cohesive peripheral tumor cells [5] [6] [7] [8] . The WHO classification of skin tumors [1] defines ASQCC as a loosening of intercellular bridges, with adenoid or pseudoacinar growth patterns being unnecessary. PSQCC is histologically characterized as SQCC with marked acantholysis, resulting in pseudovascular or pseudoangiosarcomatous growth. ASQCC and PSQCC are postulated to be overlapping entities [1] because both histological patterns share a common feature of tumor nests with central acantholysis and cohesive peripheral tumor cells. In the WHO classification of the breast [2] , oral cavity [3] , and penis [4] , ASQCC or pseudoglandular carcinoma has been adopted as the histological name of SQCC with acantholysis, but this nomenclature appear to imply adenoid and pseudoangiosarcomatous growth of SQCC. PSQCC is not accepted as a separate entity in these organs, most likely due to its rarity. In this case report, we adopted the ASQCC and PSQCC definitions described in the WHO skin tumor classification [1] .
Among primary lung cancer reports, 8 cases of SQCC with marked acantholytic changes have been reported, including 1 case of ASQCC [10, 11] and 7 cases of PSQCC [12] [13] [14] [15] . Most pulmonary PSQCC cases showed poor prognoses, but the clinical course and biological behavior of pulmonary ASQCC has not been previously reported. Pulmonary PSQCC was included in the sarcomatoid carcinoma section of the previous WHO lung tumor classification [16] , but neither PSQCC nor ASQCC were included in the latest (2015) WHO classification.
In this report, we describe the clinicopathologic and prognostic characteristics of pulmonary ASQCC found in our patient. We also discuss the aggressive nature of ASQCCs, the unique clinicopathologic features of our case, and our comprehensive literature review of the area.
Case presentation

Clinical and radiological findings
Six years prior to an emergency hospital admission, a 71-year-old Japanese man, with a 43-year history of smoking 2 packs/day, was diagnosed with bilateral pulmonary lesions. Radiographically, the lesions were suggestive of idiopathic interstitial pneumonia (IIP) because of the interstitial reticular markings at their peripheral and basal areas. Due to the patient's stable condition, the lesions were only observed over time. Three years prior to admission, the 78-kg patient presented with a stomach ache, and declined a medical evaluation of the lung lesions. The patient did not undergo additional routine medical examination.
Seven days before the emergency admission, the patient fainted in a public area, but did not seek medical help. Subsequently, the patient was discovered unconsciousness in his home, and was brought to our emergency department for evaluation. The patient had clouding of consciousness, and his weight had decreased to 58 kg. Marked oral dryness was observed, suggesting dehydration, with fine crackles heard upon auscultation. His reactions to light were normal and no facial nerve palsy was observed; left hemiparesis was suggested due to a positive pronator drift (Barré sign). Lower limb muscular weakness was also found. Upon admission, his laboratory results showed a mildly elevated white blood cell count, with abnormal renal function and coagulation indicated. Non-enhanced computed tomography (CT) imaging revealed a 21-mm pulmonary nodule in the left upper lobe (Fig. 1a) , associated with enlarged lymph nodes in the mediastinum, bilateral pulmonary hilum, and para-aortic regions (Fig. 1b) . The clinical diagnosis, upon admission, was advanced lung cancer, with small cell lung cancer (SCLC) being suspected. Diffusionweighted magnetic resonance imaging showed tiny foci of cerebral infarctions, suggestive of Trousseau's syndrome (Fig. 1c) To evaluate the cause of IIP, autoimmune disease was investigated using serological markers. Mildly elevated titers of antinuclear antibodies (1:80) and high titers of myeloperoxidase-antineutrophil cytoplasmic antibodies (MPO-ANCA, 71.4 enzyme-linked immunosorbent assay units (EU)/mL [normal, < 3.5 EU/ml]) were found, but proteinase 3-ANCA levels were within normal limits. Cytological specimens, prepared from bronchoalveolar lavage fluid, confirmed atypical squamoid cells. Therefore, advanced pulmonary SQCC associated with PTHrP-associated hypercalcemia and ANCA-associated vasculitis was clinically diagnosed. As contrast-enhanced CT and positron emission tomography were not performed to closely examine the distant metastasis, the tumor was classified as T1cN3cMx, more than Stage IIIB, according to the TNM classification of malignant tumors, eighth edition [17] .
Best supportive care was chosen as the treatment course, after discussion with the patient's son. Urine tests and creatinine levels improved after hydration, and the clinical features of rapidly progressive glomerulonephritis syndrome were absent. The patient's serum corrected calcium level showed a gradual increase to a maximum of 20.2 mg/dL, two days prior to his death, which occurred one month after admission.
Autopsy findings
Approximately 3 h after the patient's death, an autopsy was performed after securing his son's permission. Per the son's request, the central nervous system was not examined. Skin lesions suggestive of malignant tumors were absent. A 23-mm left upper lung lobe tumor was confirmed with sections cut (Fig. 2a) , and multiple, vague, nodular lesions that suggested metastasis were present. Honeycombing was seen in the inferior and posterior peripheral regions of the lungs. Contralateral and ipsilateral mediastinal lymph nodes ( Fig. 2b ) and bilateral hilar lymph nodes were markedly enlarged; swollen lymph nodes were also noted around the aorta. Cardiac effusion was not calculated due to the presence of adhesive pericarditis. No abnormal findings were observed in other organs.
Pathological findings
Histologically, the left upper lobe tumor included adenoid or pseudoacinar nests containing discohesive, round, or polygonal atypical cells ( Fig. 2c-d) ; pseudovascular arrangements of the tumor cells were not observed. Individual tumor cells, varying in size and shape, invaded the fibrous stroma (Fig. 2d) . A diffuse appearance of the discohesive, monotonous cells, without adenoid or pseudoacinar pattern, was noted ( Fig. 2e) , and a large portion of them filled the alveoli, suggesting that they spread through air spaces (Fig. 2f ) . They also demonstrated prominent lymphatic permeation, forming pulmonary lymphangitis carcinomatosis (PLC; Fig. 2g ). The discohesive monotonous cells were associated with atypical squamoid cells ( Fig. 2d-f ) and small numbers of signet-ring atypical cells (Fig. 2f ) . Extrapleural extension of the tumor cells was not observed. The clear cytoplasm of the signet-ring tumor cells was negative for periodic acid-Schiff (PAS), diastase-PAS, Alcian blue, and adipophilin (clone AP125).
Immunohistochemically, the tumor cells, described above, were diffusely positive for cytokeratin 5 (clone XM26, Fig. 3a and b) and p40 (clone BC28, Fig. 3c ), and were negative for cytokeratin 7 (clone OV-TL 12/30), thyroid transcription factor 1 (clone 8G7G3/1), Napsin A (polyclonal), desmin (clone D33), alpha-smooth muscle actin (clone 1A4), anaplastic lymphoma kinase (ALK, clone 5A4), and nuclear protein in testis (NUT, clone C52B1). The monomorphic discohesive tumor cells and squamoid foci were mostly negative for vimentin (clone V9, Fig. 3d ), focally positive for CEA (clone II7), and largely positive for E-cadherin (clone NCH-38, Fig. 3e ). In total, the left upper lobe tumor showed a mixture of ASQCC and poorly differentiated SQCC, with both components appearing equally prevalent.
Multiple vague, intrapulmonary masses and lymph node metastases (Fig. 2h) in the bilateral hilar, mediastinal, para-aortic regions, and non-regional areas consisted of diffuse acantholytic monomorphic tumor cells with foci of well to poorly differentiated SQCC. Adenoid or pseudoacinar nests were rather minor. Neoplastic Individual atypical tumor cells are also seen in the stroma (d). e-i The monomorphic and discohesive tumor cells that are associated with squamoid cells or nests (e) show filling in some alveolar spaces (f), pulmonary lymphangitis carcinomatosis (g), left, low magnification; right, D2-40 immunostained section), and lymph node metastasis (h) and its inset, high magnification of (h). The papanicolaou-stained smears (I) prepared from bilateral pulmonary effusion confirm acantholytic tumor cells including signet-ring cells (arrow) that are also seen in (f) (arrow). Images of (c-h) are taken from sections stained with hematoxylin and eosin. Bars indicate 3 cm in (a-b), 100 μm in (c-f), and (i), and 1 mm in (g) and (h) pericarditis, with ASQCC cells, induced adhesion of the visceral and parietal pericardial layers. Cytology specimens prepared from the bilateral pulmonary effusion also confirmed the presence of acantholytic tumor cells (Fig. 2i ). Blood-borne metastasis was inconspicuous, but some acantholytic tumor cells were seen in the renal corpuscles. The acantholytic component of the tumor apparently worsened the patient's prognosis.
ANCA-related vasculitis, such as necrotizing vasculitis, was absent in the lungs, kidneys, and other organs. The bilateral lungs showed the usual interstitial pneumonia (UIP) pattern, edema, and small foci of acute pneumonia. The bilateral kidneys showed proximal renal tubule degeneration, compatible with prerenal failure induced by dehydration, probably due to hypercalcemia. Crescent formation in the glomeruli was present in < 0.5% of these structures. The heart and its valves showed neither thrombotic endocarditis nor vegetations. Malignant tumors, except for the lung cancer, were absent.
Discussion and conclusions
The present patient demonstrated pulmonary ASQCC that resulted in an aggressive clinical course with marked lymph node metastases and PLC. Although neither contrast-enhanced CT or positron emission tomography were performed, we believe that the present tumor was a primary lung cancer because CT and the autopsy evaluated most of the primary SQCC sites, including the head, neck, skin, and esophagus.
The histological diagnosis of SQCC was not difficult because of the diffuse immunoreactivity to cytokeratin 5 and p40, although sarcomatoid carcinoma was confirmed via a differential diagnosis. NUT carcinoma could have been included in the differential diagnoses as the tumor showed squamous differentiation and possible discohesive growth [18] , but our case was immunohistochemically negative for NUT. The clinical diagnosis of the malignant tumor was straight-forward, showing marked lymph node metastases and high serum values for SQCC markers. A mildly elevated serum CEA level was also observed, but this phenomenon was expected due to the acantholytic component showing focal CEA immunoreactivity; ASQCC cell lines expressing CEA have been reported [19] . Other clinically unique features included the tiny cerebral lesions, PTHrP-associated hypercalcemia, high MPO-ANCA titers, and marked lymphogenous metastasis.
Among 3426 autopsy cases involving malignant tumors, cerebral infarctions were observed in 256 cases (7%), with the most common etiology being nonbacterial thrombotic endocarditis [20] , which was not observed in our case. In ischemic stroke patients with underlying malignancies, lung cancer is the most frequent tumor type [21, 22] . Therefore, our case may be indicative of cancer-related hypercoagulability, or Trousseau's syndrome. However, Trousseau's syndrome appeared unlikely because the radiological features of the patient's tiny cerebral infarctions were not typical of embolic stroke, and the malignancy hypercoagulable state typically occurs in mucin-producing adenocarcinomas [23] ; hypercoagulability associated with SQCC has rarely been reported. The patient's hypercalcemia and The acantholytic tumor cells are largely positive for E-cadherin (e), but the low intensity of the cellular membrane is notable (inset, high magnification of (e). The bronchial epithelium (left side of (b-e) is an internal positive control for CK5 (b), p40 (c), and E-cadherin (e) and the bronchial stromal cells are internal positive controls for vimentin. Bars indicate 100 μm dehydration were likely hypercoagulation related because hypercalcemia can accelerate clot formation [24] and dehydration induces hyper-viscosity.
Takai et al. reported hypercalcemia is 17 of 690 cases (2.4%) patients with lung carcinoma, and SQCC is the most frequent histology of lung cancer associated with hypercalcemia [25] . As in the present case, lung cancers with hypercalcemia are mostly related to elevated PTHrP [26] , and treatment of the lung cancer can normalize both serum calcium and PTHrP levels [25] . An ASQCC literature review showed only one case accompanied by hypercalcemia in the end stage, but the serum PTHrP value was not evaluated [27] . With respect to MPO-ANCA, 8 cases of lung carcinoma (SQCC, 2 cases; adenocarcinoma, 6 cases) with high titers of MPO-ANCA have been reported [28, 29] . Six of these cases showed renal impairment, and 4 (SQCC, 2 cases; adenocarcinoma, 2 case) demonstrated normalized MPO-ANCA levels, after cancer treatment. ASQCCs with high titers of MPO-ANCA have not been previously reported. In our case, the MPO-ANCA level was clinicopathologically insignificant, regardless of the high titers. However, Arulkumaran et al. reported that UIP is the most common histological pattern in interstitial lung disease with MPO-ANCA-associated vasculitis [30] . Ando et al. also reported that 6 of 58 patients with IIP showed MPO-ANCA-positive conversion within 11-71 months (mean, 45 months) of the IIP diagnosis, and 4 of those patients did not develop microscopic polyangiitis during the follow-up [31] . Our case may be similar to those 4 cases [31] .
The present case had N3 lymph node metastases, although the primary lung tumor was T1c, which resulted in a radiological diagnosis of SCLC. This is rare because among 5415 cases of T1c lung cancers, only 13 (0.24%) demonstrated N3 lymph node metastasis [32] . In a previous report, primary lung SQCC with PLC was infrequent [33] . In that report, 29 of 34 cases (85%) of primary lung cancer with PLC were diagnosed with adenocarcinoma and 2 cases (6%) were diagnosed with SQCC. To our knowledge, T1 SQCC with N3 lymph node metastasis and PLC has not been previously reported.
From our literature review, 9 cases of pulmonary SQCC with discohesive tumor nests, including our case, have been reported (Table 1) [10] [11] [12] [13] [14] [15] . The mean patient age was 63 (range, 47-79) years and the male to female ratio was 8 to 1. Seven cases showed pseudovascular or pseudoangiosarcomatous features [12] [13] [14] [15] , corresponding to PSQCC of the skin [1] . In PSQCC of the lung, metastasis was present in 5 of 7 cases, and blood-borne metastasis was noted rather than lymphogenous metastasis. This is due to the sites of metastasis including the opposite lung, liver, bones, and adrenal glands, but not the lymph nodes [13, 15] . The prognosis of pulmonary PSQCC appears to be poor since 5 of the 7 patients died within 3 years of their diagnosis [13, 15] ; the survival of the remaining 2 patients was unreliable due to a followup period of only 1 year [12, 14] . In contrast, only 1 case of pulmonary ASQCC has been reported [10, 11] . As was seen in our case, the first case of ASQCC showed diffuse fashion of acantholytic tumor cells. Adenoid or pseudoacinar tumor growth was not described in the first case and was minor in our case. Therefore, adenoid or pseudoacinar growth may be unnecessary for defining pulmonary ASQCC. The first pulmonary ASQCC case did not describe lymphovascular invasion, metastasis, or the prognosis. Our case showed an aggressive phenotype, with marked lymphogenous metastases. The multiple intrapulmonary metastases might represent aerogenous metastases with the primary lesion's acantholytic tumor cells spreading through the air spaces. ASQCC and PSQCC of the lung might demonstrate different mechanisms of metastasis and may require different clinical interventions. Further studies of pulmonary ASQCC will be required to clarify its biological behavior.
Although ASQCC in our case showed aggressive behavior, the prognosis of cutaneous ASQCC is open to debate [34] [35] [36] [37] [38] . That review of prognostic studies of cutaneous ASQCCs examined tumor histologies showing adenoid or pseudoacinar patterns. As observed in the present report, the 4 cases of SQCC showed diffuse growth of acantholytic tumor cells, with the prognostic data also reported [27, 39, 40] . Most of the cases showed aggressive clinical courses (3 skin and 1 esophageal cases); 3 of the 4 cases showed lymph node metastasis, and all 3 cutaneous cases died of the disease within 8 months of diagnosis, despite surgery and/or radiotherapy being performed. Therefore, the diffuse presentation of acantholytic SQCC cells, without forming adenoid or pseudoacinar patterns, may influence the cancer's aggressive biological behavior.
Five published cases, similar to our case, demonstrated pathology that included acantholytic cells with signetring morphology [10, 11, 27, 39, 40] . Our case demonstrated acantholytic signet-ring tumor cells in either the alveolar spaces or the pulmonary effusion. A literature review showed that SQCC with signet-ring morphology in the lung [10, 11, 41] , pyriform sinus [42] , esophagus [40] , and skin [27, 39, 43] often presented as ASQCC. The signet-ring morphology suggests primary and metastatic adenocarcinoma because they are seen in ALKmutated lung cancers and adenocarcinomas of various sites, especially the stomach. In our case, the tumor cells did not exhibit mucin or immunohistochemical expression of pulmonary adenocarcinoma markers and ALK.
Considering that acantholytic tumor cells can be seen along the invasive front of SQCC [40, 44] , the poorly [45] . In our case, the ASQCC cells might have adapted to, and proliferated in, the fluid environment because they were mainly localized in the lymphatic ducts and lymph node sinuses, as well as in the pleural effusion and alveolar spaces with pulmonary edema. Discohesive carcinoma cells may have increased motility and mesenchymal properties, as often seen in carcinomas showing epithelial mesenchymal transitions. Acantholytic tumor cells of SQCCs that are immunoreactive to vimentin have been reported in the skin (n = 2) [39] , penis (n = 1) [46] , and aerodigestive tract (n = 4) [47] . However, the acantholytic tumor cells in our patient did not show either apparent spindle cells or rhabdoid morphology, and were mostly negative for vimentin and smooth muscle markers. Pyriform sinus ASQCCs, histologically similar to our case, have also shown to be negative for vimentin and desmin [42] . Therefore, whether ASQCCs must consistently show mesenchymal properties is debatable. In this case report, we described a novel case of pulmonary ASQCC that showed an aggressive clinical course, PLC, prominent lymphogenous metastases, and hypercalcemia related to high serum levels of PTHrP. To our knowledge, the present report describes the second case of pulmonary ASQCC, but is the first to show the tumor's biological behavior and prognosis. Of note, the bulky lymph node metastases observed in the hilar and mediastinal regions radiologically mimicked SCLC. Acantholytic tumor cells, with characteristic diffuse morphology, were the main histological feature of the primary and metastatic sites. Vasculitis was absent, despite the high MPO-ANCA titers. Further studies are needed to clarify the clinicopathological characteristics of this rare malignant tumor. 
